Background
==========

With more than 240.000.000 registered players (17% female), soccer (i.e., European "football") is the most popular sport in the world today \[[@B1]-[@B4]\]. Although the players and their mastery of the sport are the primary reasons for soccer's popularity \[[@B5],[@B6]\], the soccer referees are an inseparable factor of this sport \[[@B7]-[@B10]\]. The Fédération Internationale de Football Association (FIFA) reported more than 800.000 registered soccer referees and assistant referees \[[@B11]\]). The referees' activities during the game are regularly studied and reported \[[@B12]-[@B15]\]. In addition, their fitness level is a highly important factor, and it is officially tested \[[@B16]-[@B20]\]. An appropriate fitness status is a mandatory prerequisite for any referee at advanced competitive levels \[[@B17],[@B21],[@B22]\]. The overall physical demands on the referees are considered similar to those on the soccer players. In short, a referee covers a distance of 9 to 13 km, with 4%--18% of physical activity consisting of high-intensity running; elite referees may perform up to 1270 changes in activity during a game and make more than 130 decisions \[[@B14],[@B15],[@B23]\]. However, high-level referees are 15--20 years older than the players and, in most cases, are not professionals and cannot be substituted during the game. Evidently, an appropriate health status is one of the most important aspects of successful refereeing. The high demands of the game and the stress it places on the musculoskeletal and cardio-pulmonary systems increase the risk of injury. One of the first studies that investigated this problem was that of Fauno and his associates \[[@B24]\], where the authors recognized the problem and investigated the effect of shock-absorbing heel inserts on the incidence of soreness. Bizzini et al. \[[@B25]\] studied referees selected for the 2006 FIFA World Cup and reported the types of injuries, as well as the location, characteristics, type, frequency, and consequences of the complaints and the type of treatment offered. More than 40% of the referees reported an injury, more than 60% had musculoskeletal complaints during their career, and there was a mean rate of 20.8 injuries per 1000 match hours. Almost 50% of all female soccer referees participating in the Women's World Cup 2007 reported that they had been injured during their career, with a rate of 34.7 match injuries per 1000 match hours during the World Cup \[[@B26]\]. However, those data are only partially generalizable to referees from lower levels. Studies performed on Swiss referees reported a rate of 22.5% to 44% of injured referees \[[@B27],[@B28]\]. In a recent review Weston et al. concluded that high training loads combined with increasing age could, in part, explain the incidence of non-contact match injuries (18 injuries per 1000 match hours), with lower leg muscle strains being the most common type of non-contact injuries in referees \[[@B29]\].

In one of the rare prospective studies on this topic, performed on Irish referees \[[@B30]\], the authors found 8.8 injuries/1000 hours of training and 16.4 injuries/1000 hours for match officiating. However, the risk of injury varies considerably based on the standards of the game of which a referee has been placed in charge. Additionally, previous studies did not report data on injuries that happened as a result of official physical fitness testing of soccer referees.

The aim of this study was to describe the frequency, type and consequences of injuries among Croatian soccer referees. Specifically, we studied the problems regarding (A) the various levels of refereeing quality, (B) the differences between the main and assistant referees, and (C) the injuries that occurred during games and those that occurred during physical fitness testing.

Methods
=======

Design and subjects
-------------------

Prior to this retrospective study, we contacted the Croatian Football Federation and obtained formal permission for the study. A self-administered questionnaire that had been previously used in similar studies and obtained from the authors of those studies \[[@B25]-[@B28]\] was used as a measurement tool (Additional file [1](#S1){ref-type="supplementary-material"}). Based on previous studies \[[@B25]-[@B28]\], the content validity of the questionnaire is therefore presumed. Additionally, following translation into Croatian, the questionnaire was checked for its clarity and content validity by two MDs (both sports-medicine specialists) and one high-level soccer referee (first author of the paper). The first phase of the experiment consisted of an evaluation of the reliability of the translated questionnaire. Twenty-two referees were asked to complete the questionnaire twice (a test-retest procedure, with a period of 10 days between the test and re-test). The reliability was checked throughout the test-retest correlation (for ordinal variables) and the analysis of equally answered questions (for ordinal and nominal variables) \[[@B31]\]. The reliability test showed the high reliability of the questionnaire translated into Croatian. Briefly, the test-retest correlation for ordinal variables ranged from 0.80 (for injury consequences for the whole career) to 0.99 (refereeing experience). The consistency of the test-retest answers was 90 to 100%, and differences were only found for some of the questions. Because the most common and the greatest disagreements between the test and retest results were found for injuries and consequences throughout the whole refereeing career, in this investigation, we have focused on the previous year, the most recent refereeing match and physical fitness testing. The discriminative validity of the questionnaire was estimated throughout this investigation by discriminating MRs and ARS and differentiating referees of different levels \[[@B32]\]. The survey was administered at seven specialized soccer referee seminars from April to July of 2011. Using the multimedia presentation (see Additional file [2](#S2){ref-type="supplementary-material"}) the first author informed subjects about the purpose of the study, explained them the questionnaire design, and other important issues (definition of injuries; anonymity, testing protocol, etc.). The participants consisted of 342 soccer referees (all males, engaged in outdoor soccer; mean age 32.9), comprising more than 90% of all licensed Croatian soccer referees. Practically all subjects who were present at the seminars from April to July of 2011 (90% of all Croatian national level referees) were asked to participate in the study, and the response rate was more than 95%. Only a few examinees did not answer all questions. The study objective was to assess a representative sample of Croatian soccer referees of various competitive levels. Subjects completed the questionnaire in groups of 15 to 20 respondents, and the examiner (the first author) was available at all times for questions and answers. The participants were informed that they could refuse participation and withdraw from the study at any time, for any reason, and their informed consent was obtained. Participation was anonymous (except for those examinees included in the test-retest procedure for reliability testing), and no personal data regarding date of birth, city of residence and/or any other data that could be directly connected to an individual were included in the questionnaire. The answer options were presented as multiple-choice, closed-ended responses for most of the questions. Prior to the study, ethical approval was obtained from the Ethical Board of the Faculty of Kinesiology, University of Split, Croatia.

Variables
---------

The questionnaire consisted of the following sections: (1) morphological-anthropometric data; (2) refereeing variables; and (3) musculoskeletal injuries together with the consequences of injury.

Morphological anthropometric data: Subjects reported body height (BH) and body mass (BM) according to the official measurements performed during physical fitness testing (a day or two before the questioning was performed), and we calculated the body mass index (BMI).

Refereeing variables: The subjects were grouped into main and assistant referee groups. We asked the subjects about their experience in refereeing (e.g., how long ago did they receive their official license), the highest current level of refereeing achieved (four point scale: UEFA level, 1^st^ national, 2^nd^ national, 3^rd^ national level), the number of games refereed during the last year, and the average training hours per week (during the preseason and during the season, two separate questions).

Musculoskeletal injuries and consequences: The respondents were asked about the occurrence of injuries and musculoskeletal complaints for the most recent match, the last year, and the entire career, as originally suggested by the authors \[[@B25]-[@B28]\]. However, in this study we have reported only data on injuries for the most recent match and the last year. In addition to the items on the original questionnaire, the subjects were asked if they had any injuries or complaints during the physical testing. If the answer was yes, the subject was asked for the location of the injury (22 choices, such as head, neck, etc.), the type of injury (15 choices, such as dislocation, contusion, tendinitis, etc.), the length of recovery (how many days the consequences of the injury were felt), and absence from training (days) and refereeing (days). In the case of multiple injuries, all injuries were reported separately.

An injury was defined as "any physical complaint sustained as a result of refereeing and training, irrespective of the need for medical attention or time lost from activity (refereeing or training)", which was adopted from Fuller et al. \[[@B33]\]. To calculate the ratio of injuries per 1000 hours of match during the last year (see enclosed questionnaire; page 5, section 4; 2^nd^ question), the hours were determined as the total number of games refereed throughout the last year x 1.5 hours (90 minutes of official game with no extra time). The ratio of injuries per 1000 hrs of last year refereeing is calculated separately for MRs and ARs according to their quality level.

Statistics
----------

For parametric variables (age, experience, etc.), the means and standard deviations were reported. For nonparametric measures (i.e., nominal and ordinal variables), the frequencies and proportions, together with 95% confidence intervals in some cases \[[@B34]\], were calculated. Depending on the parametric/nonparametric nature of the variables, we applied a univariate analysis of variance (ANOVA) with the Schefee post-hoc analysis and/or the Kruskal-Wallis ANOVA \[[@B35]\] to establish the differences between (a) the main and assistant referees and (b) the referees of different levels (separately for main and assistant referees). The responses from the open-ended questions and other comments by the subjects were transcribed and further analyzed for common themes. A value of P \< 0.05 was considered statistically significant. The statistical analyses were performed using Statsoft's Statistica version 10.

Results
=======

Of 342 subjects, the 157 were main referees (MRs; mean age 31.5 years), and 185 were assistant referees (ARs; mean age 34.1 years). The ARs were significantly (P \< 0.05) older than the MRs, but only when considering those involved in the 1^st^ and 3^rd^ national leagues. The 1^st^ and 2^nd^ national league MRs were significantly (P \< 0.05) taller than the ARs. The ARs from the 2^nd^ and 3^rd^ league had significantly (P \< 0.05) longer experience than their MR peers. The UEFA referees were the most experienced in refereeing, followed by the 1^st^ league MRs. The MRs were significantly (P \< 0.05) taller than the ARs. Among the ARs, the UEFA referees were the oldest. The 3^rd^ league ARs had the highest BMI of all the groups (Table [1](#T1){ref-type="table"}).

###### 

**Descriptive statistics for general data of examinees (M-mean, SD-standard deviation), and ANOVA differences between match referees (MR) and assistant referees (AR) within the same competitive level (\* denotes significant differences), and within MR and AR between the different competitive levels (**^**¥**^**denotes significant differences)**

                                       **Total (n = 342)**   **UEFA (n = 18)**   **1**^**st**^**(n = 78)**   **2**^**nd**^**(n = 91)**   **3**^**rd**^**(n = 155)**                                                    
  -------------------- -------------- --------------------- ------------------- --------------------------- --------------------------- ---------------------------- -------------- ---------------- ----------------- -------------------
  Age (years)           31.4 ± 4.88       34.11 ± 5.08          34.67 ± 2.5            38.25 ± 4.45                33.65 ± 4.46                35.8 ± 4.15\*          30.59 ± 4.42    31.98 ± 4.97    30.88 ± 5.16^¥^   33.71 ± 5.11\*^¥^
  Experience (years)    10.79 ± 3.26     12.52 ± 3.43\*          17 ± 2.28               17 ± 2.98                 13.24 ± 2.57                 14.33 ± 2.62          9.47 ± 2.87    11.31 ± 3.82\*   10.15 ± 2.71^¥^   11.4 ± 2.54\*^¥^
  BH (cm)               183.4 ± 5.75     181.41 ± 6.23\*        181 ± 3.52             183.17 ± 8.11               185.69 ± 6.07              182.78 ± 6.28\*         183.6 ± 5.08   180.4 ± 5.69\*    182.59 ± 5.96     180.91 ± 6.158
  BM (kg)               83.44 ± 7.24      82.04 ± 7.45          81.5 ± 2.35             81.5 ± 7.45                85.93 ± 7.46                 83.89 ± 7.09          82.06 ± 7.35    79.49 ± 7.04     83.47 ± 7.19      82.5 ± 7.62^¥^
  BMI (kg/m2)           24.77 ± 1.35       24.9 ± 1.44         24.88 ± 0.42            24.28 ± 1.37                24.88 ± 1.23                 25.07 ± 0.95          24.31 ± 1.45    24.41 ± 1.71       25 ± 1.32       25.17 ± 1.46^¥^

LEGEND: Age-age of the subjects, Experience-time involved in the soccer refereeing, BH-body height, BM-body mass, BMI-body mass index.

In general, 60 (17%), 101 (29%) and 56 (16%) referees reported injuries during the last match, during the last 12 months and during physical fitness testing, respectively, corresponding to 0.19, 0.41 and 0.22 injuries, respectively, per subject. Excluding the UEFA MRs, who were the least commonly injured, the higher level referees were more frequently injured than their peers who participate in matches at the lower levels. When comparing the ARs for injuries between levels, the 1^st^ league referees were the most commonly injured during fitness testing, with a significant difference (P \< 0.05) between the 1^st^ and 3^rd^ leagues. There was an overall significant (P \< 0.05) Kruskal Wallis difference in the 12-month injury status between the different levels of ARs, with an observable trend toward fewer injuries in national lower level refereeing (Table [2](#T2){ref-type="table"}).

###### 

**Prevalence of injuries (frequency-f; percentage-%; 95% CI-95% confidence interval) among soccer referees during the last match, the last year and during fitness testing, and Kruskal Wallis analysis of the differences (\* denotes significant differences) between qualitative levels (UEFA referees-UEFA, 1**^**st**^**National league-1**^**st**^**, 2**^**nd**^**National league-2**^**nd**^**, 3**^**rd**^**National league), within match referees (MR), and within assistant referees (AR)**

              **Last match**   **Last year**   **During fitness testing**                          
  ---------- ---------------- --------------- ---------------------------- ------------ ---------- ------------
  MR             29 (18)        0.13--0.25              46(29)\*            0.23--0.37    21(13)    0.05--0.14
  AR             31 (17)        0.12--0.22              55(30)\*            0.23--0.37   35(19)\*   0.14--0.25
  UEFA MR          0(0)             \-                   3(50)              0.19--0.81     0(0)         \-
  UEFA AR          0(0)             \-                    1(8)              0.01--0.35    3(25)     0.09--0.53
  1^st^ MR        8(26)         0.13--0.43               12(39)             0.24--0.56    7(23)     0.11--0.40
  1^st^ AR        11(23)        0.13--0.37               21(45)             0.31--0.58    17(36)    0.24--0.50
  2^nd^ MR        8(17)         0.01--0.31               17(38)             0.25--0.52    8(18)     0.09--0.31
  2^nd^ AR        8(17)         0.09--0.30               14(30)             0.19--0.45    9(20)     0.10--0.33
  3^rd^ MR        13(17)        0.10--0.27               14(19)             0.11--0.29     6(8)     0.04--0.16
  3^rd^ AR        12(15)        0.12--0.29               19(24)             0.16--0.34     6(8)     0.03--0.15

As a result of injuries that occurred during the last match, the 1^st^ league MRs abstained from training and refereeing for the shortest time. For the injuries that occurred during the last year, the UEFA referees abstained from training for the shortest time (18 days on average). The longest break because of injuries that occurred during physical fitness testing was noted for the 3^rd^ league (79 days), followed by the 1^st^ league (41 days) and 2^nd^ league referees (22 days). It must be stressed that UEFA MRs did not experience any injuries during physical fitness testing (Table [3](#T3){ref-type="table"}).

###### 

**Descriptive statistics for consequences of injury which occurred during the last match, last year and during fitness testing among match referees (n-number of subjects in each group, M-mean, SD-standard deviation) for different competitive levels (UEFA referees-UEFA, 1**^**st**^**National league-1**^**st**^**, 2**^**nd**^**National league-2**^**nd**^**, 3**^**rd**^**National league)**

                               **Total (n = 342)**   **UEFA (n = 18)**   **1**^**st**^**(n = 78)**   **2**^**nd**^**(n = 91)**   **3**^**rd**^**(n = 155)**
  --------------------------- --------------------- ------------------- --------------------------- --------------------------- ----------------------------
  Last match (injured)               n = 29                n = 0                   n = 8                       n = 8                       n = 13
  Recovery (days)                 36.5 ± 43.42                                 30.38 ± 29.14               52.5 ± 45.17                33.11 ± 55.91
  No training (days)              36.38 ± 48.47                                21.43 ± 18.49                39 ± 32.86                 46.73 ± 66.62
  No refereeing (days)            58.38 ± 64.11                                42.33 ± 42.85               54.67 ± 57.14               74.67 ± 83.96
  Last year (injured)                n = 46                n = 3                  n = 12                      n = 17                       n = 14
  Recovery (days)                 53.55 ± 73.43         76 ± 90.16             73.4 ± 104.73               51.63 ± 68.5                 35.46 ± 46.5
  No training (days)              35.35 ± 35.31         17.5 ± 4.95            34.5 ± 22.48                38.46 ± 34.49                35.5 ± 44.96
  No refereeing (days)            42.59 ± 48.67         20.5 ± 0.71             20.4 ± 8.76                36.11 ± 35.99               78.17 ± 74.38
  Fitness testing (injured)          n = 21                n = 0                   n = 7                       n = 8                       n = 6
  Recovery (days)                 39.94 ± 57.69                                36.57 ± 28.56                59 ± 101.29                  22 ± 16.37
  No training (days)              32.25 ± 25.73                                31.33 ± 22.37               37.67 ± 32.21                25.5 ± 25.04
  No refereeing (days)            43.11 ± 47.13                                 41 ± 33.53                 22.33 ± 13.28               78.5 ± 101.12

For the ARs, the recovery from injuries that occurred during the last match ranged from 30 (2^nd^ league) to 81 days (3^rd^ league) on average. As a result of injuries that happened during the last year, the shortest period with no training was presented by the ARs at the UEFA level. Injuries occurring during the last refereed game did not result in any pause from refereeing for the UEFA ARs. However, an average of 21, 37 and 87 days elapsed before the 3^rd^, 1^st^ and 2^nd^ league ARs resumed their duties, respectively. As a result of fitness testing injury, the 1^st^ league ARs abstained from their training for a relatively brief period of time (26 days) when compared with their 2^nd^ league colleagues, who abstained from their training for 40 days (Table [4](#T4){ref-type="table"}).

###### 

**Descriptive statistics for the consequences of injury which occurred during the last match, last year and during fitness testing among assistant referees (n-number of subjects in each group, M-mean, SD-standard deviation) for different competitive levels (UEFA referees-UEFA, 1**^**st**^**National league-1**^**st**^**, 2**^**nd**^**National league-2**^**nd**^**, 3**^**rd**^**National league)**

                               **Total (n = 342)**   **UEFA (n = 18)**   **1**^**st**^**(n = 78)**   **2**^**nd**^**(n = 91)**   **3**^**rd**^**(n = 155)**
  --------------------------- --------------------- ------------------- --------------------------- --------------------------- ----------------------------
  Last match (injured)               n = 31                n = 0                  n = 11                       n = 8                       n = 12
  Recovery (days)                 54.91 ± 57.96                                43.43 ± 40.41               29.83 ± 30.31               80.56 ± 75.45
  No training (days)              41.64 ± 53.23                                33.67 ± 30.21               44.5 ± 57.23                44.75 ± 67.08
  No refereeing (days)           78.33 ± 102.61                                66.6 ± 64.67                104 ± 174.27                  71 ± 84.76
  Last year (injured)                n = 55                n = 1                  n = 21                      n = 14                       n = 19
  Recovery (days)                 48.5 ± 87.19             6 ± 0                75 ± 119.55                37.75 ± 50.07                12.43 ± 9.9
  No training (days)              36.85 ± 56.88            6 ± 0               49.15 ± 78.83                45.2 ± 50.5                 15.6 ± 11.06
  No refereeing (days)            45.87 ± 74.26                                37.09 ± 29.84              87.33 ± 139.27                20.5 ± 9.01
  Fitness testing (injured)          n = 35                n = 3                  n = 17                       n = 9                       n = 6
  Recovery (days)                 44.86 ± 91.31        13.67 ± 7.51            69.6 ± 120.7                13.83 ± 12.86                 22 ± 9.24
  No training (days)              26.75 ± 34.13        10.33 ± 6.35             26 ± 20.21                 40.14 ± 62.61                18.25 ± 7.85
  No refereeing (days)            48.74 ± 49.95        24.5 ± 14.85            59.44 ± 50.15               55.4 ± 70.36                 21.67 ± 8.02

The Achilles tendon, knee, ankle and lower leg were the most commonly injured body regions. The MRs injured the Achilles tendon, thigh, and ankle most commonly, while the ARs experienced more lower leg, lower back and shoulder injuries. There was no evident difference between the type of injuries that occurred in the last 12 months and those that occurred during the last match refereed. During fitness testing, thigh and groin injuries prevailed (Table [5](#T5){ref-type="table"}).

###### 

**Location of injuries (frequencies-f; percentage-%) among soccer referees on the last match, during the last year and during fitness testing, for match referees (MR), and assistant referees (AR); and for different competitive levels (UEFA referees-UEFA, 1**^**st**^**National league-1**^**st**^**, 2**^**nd**^**National league-2**^**nd**^**, 3**^**rd**^**National league**

                                              **Total n = 342**   **MR n = 157**   **AR n = 185**   **UEFA n = 18**   **1**^**st**^**n = 78**   **2**^**nd**^**n = 91**   **3**^**rd**^**n = 155**
  ------------------------------------------ ------------------- ---------------- ---------------- ----------------- ------------------------- ------------------------- --------------------------
  Last match (n = 67 injuries)                                                                                                                                                        
  Elbow                                             1 (1)              0(0)             1(3)             0(0)                  0(0)                      0(0)                       1(4)
  Lower back                                        4 (6)              0(0)            4(11)             0(0)                  1(4)                      1(6)                       2(8)
  Abdominal, hip and groin area                    10(14)             4(13)            6(17)             0(0)                  1(4)                      5(28)                     4(16)
  Thigh                                             5 (7)              2(7)             3(8)             0(0)                  2(9)                      2(11)                      1(4)
  Knee                                             10 (15)            4(14)            6(16)             0(0)                  3(13)                     3(17)                     4(15)
  Lower leg                                        9 (13)              2(7)            7(19)             0(0)                  4(17)                     0(0)                      5(19)
  Achilles tendon                                  17 (25)            8(28)            9(24)             0(0)                  6(26)                     6(33)                     5(19)
  Ankle and foot                                   11 (16)            9(31)             1(3)             0(0)                  6(26)                     1(6)                      4(15)
  Last 12 months (n = 120 injuries)                                                                                                                                                   
  Head                                              1 (1)              1(2)             0(0)             0(0)                  0(0)                      0(0)                       1(3)
  Shoulder                                          3 (3)              0(0)             3(5)             0(0)                  1(3)                      1(2)                       1(3)
  Lower back                                       14 (12)             4(7)            10(17)            0(0)                  4(11)                     7(16)                      3(9)
  Abdominal, hip and groin area                    17 (14)            9(14)            8(13)             2(34)                 0(0)                      7(14)                     5(15)
  Thigh                                            10 (8)             8(13)             2(3)             1(17)                 4(11)                     3(7)                       2(6)
  Knee                                             15 (13)            8(13)            7(12)             0(0)                  2(5)                      9(20)                     4(12)
  Lower leg                                        21 (18)             5(8)            16(27)            2(33)                 5(14)                     5(11)                     9(27)
  Achilles tendon                                  22 (18)            15(25)           7(12)             1(17)                12(32)                     6(14)                      3(9)
  Ankle and foot                                   17 (14)            11(18)           6(10)             0(0)                  6(16)                     6(13)                     5(15)
  During fitness testing (n = 57 injuries)                                                                                                                                            
  Head                                              3 (5)              0(0)             3(9)             0(0)                  2(8)                      1(6)                       0(0)
  Lower back                                        4 (7)             2(10)             2(6)             0(0)                  1(4)                      2(12)                      1(8)
  Abdominal, hip and groin area                    13 (23)            4(20)            9(26)             2(22)                 4(17)                     5(30)                     2(16)
  Thigh                                            15 (26)            8(38)            7(20)             1(11)                 8(33)                     3(18)                     3(25)
  Knee                                              4 (7)              1(5)             3(9)             0(0)                  2(8)                      1(6)                       1(8)
  Lower leg                                        8 (15)             2(10)            6(17)             0(0)                  1(4)                      4(24)                     3(25)
  Achilles tendon                                  8 (14)             3(14)            5(14)             0(0)                  6(25)                     1(6)                       1(8)
  Ankle                                             1 (2)              1(5)             0(0)             0(0)                  0(0)                      0(0)                       1(8)

Muscle strain was more common during fitness testing than during a match, but other types of injury prevailed during a match (Table [6](#T6){ref-type="table"}).

###### 

**Type of injuries (frequencies-f; percentage-%) among soccer referees on the last match, during the last year and during fitness testing, for match referees (MR), and assistant referees (AR); and for different competitive levels (UEFA referees-UEFA, 1**^**st**^**National league-1**^**st**^**, 2**^**nd**^**National league-2**^**nd**^**, 3**^**rd**^**National league**

                                              **Total n = 342**   **MR n = 159**   **AR n = 183**   **UEFA n = 18**   **1**^**st**^**n = 78**   **2**^**nd**^**n = 91**   **3**^**rd**^**n = 155**
  ------------------------------------------ ------------------- ---------------- ---------------- ----------------- ------------------------- ------------------------- --------------------------
  Last match (n = 65 injuries)                                                                                                                                                        
  Fracture                                          1 (2)              0(0)             1(3)             0(0)                  0(0)                      0(0)                       1(4)
  Dislocation                                       1 (2)              0(0)             1(0)             0(0)                  0(0)                      1(5)                       0(0)
  Sprain                                           8 (12)             7(22)             1(0)             0(0)                  3(9)                      1(5)                      4(17)
  Ligament injury                                  8 (12)             4(13)             4(0)             0(0)                  1(3)                      3(15)                     4(17)
  Lesion of meniscus or cartilage                   5 (8)              2(6)             3(0)             0(0)                  2(6)                      1(5)                       2(8)
  Muscle rupture/tear                               4 (6)              2(6)             2(0)             0(0)                  2(6)                      1(5)                       1(4)
  Muscle strain                                    11 (17)             3(9)             8(0)             0(0)                  5(16)                     2(10)                     4(17)
  Tendon injury/strain                             16 (25)            10(31)            6(0)             0(0)                  2(6)                      8(40)                     6(25)
  Tendinitis/bursitis                              8 (12)             4(13)             4(0)             0(0)                  5(16)                     1(5)                       2(8)
  Contusion/hematoma                                2 (3)              0(0)             1(0)             0(0)                  1(3)                      1(5)                       0(0)
  Laceration                                        1 (2)              0(0)             1(0)             0(0)                  0(0)                      1(5)                       0(0)
  Last 12 months (n = 110 injuries)                                                                                                                                                   
  Concussion                                        1 (1)              0(0)             1(2)             0(0)                  0(0)                      0(0)                       1(3)
  Fracture                                          1 (1)              0(0)             1(2)             0(0)                  1(3)                      0(0)                       0(0)
  Dislocation                                       3 (3)              1(2)             2(3)             0(0)                  0(0)                      1(2)                       2(6)
  Sprain                                           12 (10)            8(15)             4(6)             0(0)                  3(8)                      4(10)                     5(14)
  Ligament injury                                   9 (7)              2(4)            7(11)             0(0)                  1(3)                      4(10)                     4(11)
  Lesion of meniscus or cartilage                   7 (6)              4(7)             3(5)             0(0)                  2(5)                      2(5)                       3(9)
  Muscle rupture/tear                               9 (8)              5(9)             4(6)             2(33)                 3(8)                      2(5)                       2(6)
  Muscle strain                                    32 (29)            11(20)           21(33)            2(33)                10(27)                    12(29)                     8(23)
  Tendon injury/strain                             20 (18)            15(27)            5(8)             2(33)                 6(16)                     8(20)                     4(11)
  Tendinitis/bursitis                              18 (16)            8(15)            10(16)            0(0)                  8(22)                     6(15)                     4(11)
  Contusion/hematoma                                3 (3)              1(2)             2(3)             0(0)                  1(3)                      2(5)                       1(3)
  Nerve injury                                      3 (3)              0(0)             3(5)             0(0)                  2(5)                      0(0)                       1(3)
  During fitness testing (n = 56 injuries)                                                                                                                                            
  Concussion                                        1 (2)              0(0)             1(3)             0(0)                  1(4)                      0(0)                       0(0)
  Dizziness                                         2 (4)              0(0)             2(6)             0(0)                  1(4)                      1(6)                       0(0)
  Fracture                                          1 (2)              1(5)             0(0)             0(0)                  1(4)                      0(0)                       0(0)
  Sprain                                            1 (2)              1(5)             0(0)             0(0)                  0(0)                      0(0)                       1(8)
  Lesion of meniscus or cartilage                   2 (4)              1(5)             1(3)             0(0)                  2(8)                      0(0)                       0(0)
  Muscle rupture/tear                               3 (5)              1(5)             2(6)             0(0)                  1(4)                      2(12)                      0(0)
  Muscle strain                                    33 (59)            13(59)           20(59)           3(100)                12(50)                    11(65)                     7(58)
  Tendon injury/strain                              3 (5)              2(9)             1(3)             0(0)                  2(8)                      1(6)                       0(0)
  Tendinitis/bursitis                              6 (11)              1(5)            5(15)             0(0)                  4(17)                     0(0)                      2(17)
  Contusion/hematoma                                2 (4)              1(5)             1(3)             0(0)                  0(0)                      1(6)                       1(8)
  Nerve injury                                      2 (4)              1(5)             1(3)             0(0)                  0(0)                      1(6)                       1(8)

The injury incidence per 1000 hours shows that there was no evident difference between the MRs and ARs. Among the MRs, the lowest rate was found for the 3^rd^ league, while for the ARs, the lowest prevalence was found among the UEFA referees (Table [7](#T7){ref-type="table"}).

###### 

Number of injuries per 1000 hours of match during the last year

                            **Total**            **UEFA**        **1**^**st**^**league**   **2**^**nd**^**league**   **3**^**rd**^**league**
  -------------------- ------------------- -------------------- ------------------------- ------------------------- -------------------------
  Match referees        5.29 (2.23--8.30)   3.85 (-0.93--8.33)    12.21 (-0.71--25.09)       6.24 (1.48--10.99)         1.90 (0.47--3.34)
  Assistant referees    4.58 (2.63--6.54)   2.01 (-3.72--6.52)     8.37 (3.27--13.46)        5.42 (-0.54--11.39)        2.11 (0.79--3.43)
  TOTAL                 4.92 (3.17--6.69)   3.33 (-0.44--7.11)     9.90 (4.14--15.66)         5.89 (2.33--9.45)         2.00 (1.05--2.96)

Discussion
==========

The Croatian soccer referees included in this study were somewhat younger than those previously studied \[[@B9],[@B14],[@B20],[@B27]\], but this is in concordance with the recent UEFA suggestions regarding the need for decreasing the referees' ages at all competitive levels. In addition, our subjects were taller and had a higher BM than Chilean \[[@B7]\] and Spanish referees \[[@B8]\], while they had higher BM and BMI values than Swiss referees \[[@B28]\].

The rate of approximately 5 injuries per 1000 match hours is similar to those previously reported in retrospective studies performed for Swiss referees (1.6 and 6.8 injuries/1000 hours for AR and MR, respectively) \[[@B27]\]. Meanwhile, prospective investigations show a much higher incidence of injury (up to 20 injuries per 1000 hours of refereeing) \[[@B25],[@B30]\], which is explained by the recall-bias \[[@B36]\]. Our result of 1--2 injuries/1000 hours among UEFA referees is similar to the retrospective data reported for top-level international referees \[[@B25]\].

In the following section, we will focus on the issues that have not been extensively examined in previous studies. These issues mainly relate to (a) the differences between the type and location of injuries occurring during fitness testing and games, (b) the types of injuries and the consequences of those injuries in relation to the level of refereeing, and (c) the comparisons between the main and assistant referees with regard to the type and location of the injuries.

Fitness testing injuries vs. game injuries
------------------------------------------

The injury rate of 29% during the last year is similar to rates that have been previously reported for Swiss referees \[[@B28]\]. One of every six subjects suffered from an injury during fitness testing, and therefore, although it is performed in a "controlled environment" (e.g., the tests are known in advance, there are no tests with quick changes of direction, tests are performed on a well-prepared field), fitness testing should be considered potentially dangerous in terms of injury risk. It is especially interesting to compare the number of tests per year (i.e., 4) and the average number of games per year (i.e., 15), which leads us to conclude that physical fitness testing carries a higher risk of injury among soccer referees than match refereeing. There are several possible explanations for these findings. First, participation and successful achievement in fitness testing are the main prerequisites for match refereeing. Therefore, referees are highly concerned about their achievement at every examination. During a game, the referee can "tailor" his method of refereeing and thereby pace the physical demands of refereeing, whereas throughout testing, standards for both tests done throughout fitness testing must be achieved. Most likely, a lack of fitness level and poor preparation are the main risk factors for injury occurrence during fitness testing. This is indirectly demonstrated by the fact that the UEFA referees, who must achieve the highest fitness standards, were less commonly injured during physical fitness testing (i.e., none of the UEFA MRs reported injuries that occurred during fitness testing).

The lower leg region (calf and tendon, represents 31% of all injuries) and the upper leg region (quadriceps and hamstrings, represents 26%) were equally injured during physical fitness testing. During games, however, almost 50% of all injuries were lower leg injuries. The main reason for the dissimilarity between games and fitness testing with regard to the location of injuries is based on the types of activities in these two events. Previous studies noted that soccer referees sprint (run faster than 18 km/h) approximately 1 km in each half of the game \[[@B14],[@B15]\]. Given that one of the fitness tests is completed at maximum running speed, the running intensity is much higher during fitness testing. The upper leg (quadriceps and hamstring) is biomechanically and anatomically more challenged during sprinting than during lower-intensity running \[[@B37]\]. It is therefore logical that studies have found that the quadriceps and hamstring regions are more commonly injured among sprinters than among middle- and long-distance runners \[[@B38],[@B39]\]. This directly explains the higher rate of injury to the upper leg region during fitness tests than during match refereeing. The same logic applies when explaining the relatively higher injury rate for the groin area during physical fitness testing. Although not reported among soccer referees, this problem has been reported in soccer players where more intensive sprinting was related to a higher risk of groin injury in \[[@B40]\].

In contrast to the upper leg and groin area, which are more commonly injured during fitness testing, the knee is injured twice as often during games compared with during fitness testing, which is most likely a result of the characteristic movement patterns during the game. Throughout a soccer match, referees perform numerous changes of direction, some of which are executed during high-intensity runs. In contrast, during fitness testing, such risky movement patterns are not as common, which places the referees at a lower risk for knee injury. Furthermore, throughout testing, the referees focus exclusively on the fitness task, while during a match, they must focus on the game. This focus can place the referees at risk of inappropriate movement patterns, such as a spin turn \[[@B41]\], which consequently increases the possibility of knee injuries. The risk is amplified during the game because refereeing is performed in soccer boots (during the spin-turn the foot is "locked" in the ground), and this is not the case during fitness testing.

Prevalence and consequences of injuries: are there any differences between the various levels of refereeing?
------------------------------------------------------------------------------------------------------------

There is an obvious increase in injuries concurrent with an increase in the referee level. The highest prevalence of injuries is found in referees involved in the 1^st^ league, and the prevalence decreases at lower levels, with the lowest prevalence observed for the 3^rd^ league referees. However, among UEFA referees, the injury rate is somewhat lower, although these referees regularly participate in the national 1^st^ league competitions. Previous studies \[[@B27]\] reported a trend similar to that found in our study. The highest prevalence of match injuries was noted for the highest competitive referee level (5.54 injuries per 1000 match hours). The prevalence rate was lower for the lower level competitions (0.59, 2.57 and 1.97 injuries per 1000 match hours for junior, low-level amateur and high-level amateur referees, respectively). It has been suggested \[[@B27],[@B42]\] that one of the risk factors for injury is the age of the subjects. The lowest level referees, in our case, the 3^rd^ national league, are the youngest. Another explanation for the higher injury rates for higher-level referees may be found in the more advanced level of play and game dynamics, which increases with competitive level \[[@B5],[@B6]\]. However, as stated before, this trend of higher injury rates for higher competitive levels is not evident among the top-level referees (UEFA referees). Even more intriguing is that the UEFA referees are the oldest of all referees studied. There are several possible reasons for their low injury rate. First, the injury rate is one of the selective factors for advancement in refereeing. All soccer referees begin their career at low-level competitions, and their progress depends on the quality of their performance. Those referees who are less frequently injured are more likely to be recognized as successful, which leads to their promotion to higher-level competitions. Most likely even more important is the fact that the UEFA referees are the most strictly monitored for their fitness and training status and fitness achievements \[[@B21]\]. They are obligated to provide a weekly/monthly report of their training throughout the season to the UEFA authorities. This report includes not only subjective reports but also precise and detailed analyses of the overall training volume and intensity and includes heart rate monitoring diaries. Furthermore, their training is prescribed and monitored by UEFA experts. Apart from the already proven superior fitness status \[[@B21]\], such a supervised exercise regime almost certainly places the referees at a lower risk of injury. This explanation is indirectly proven by the fact that none of the UEFA MRs reported any injuries during physical fitness testing, which is a clear indicator of their excellent physical readiness and overall fitness status.

Comparison between the main and assistant referees with regard to the type and location of injuries
---------------------------------------------------------------------------------------------------

The injury rates of the Croatian soccer referees are similar to those previously reported for Swiss referees (29% of the subjects were injured during the last 12 months, with approximately 5 injuries per 1000 hours) \[[@B28]\]. However, the Swiss study found a higher percentage of injured MRs (36%) compared with ARs (20%), most likely because the authors sampled only top-division referees.

The ratio between the MRs and ARs for injured ankles is approximately 8 to 1, which is explainable by knowing the differences in the MR and AR activities during the game. The movement of the ARs is characterized by short, intense sprints of 5 to 40 meters, interrupted by relatively long, low-intensity periods \[[@B21],[@B43]\]. The MRs sprint at a high intensity over a longer distance than the ARs (up to 80 meters). Additionally, the ARs are placed outside of the official playing field, where the consistency and quality of the turf is far better than within the playing field, where the MRs are positioned. Surface quality has been recognized as an important factor in sports injury rates \[[@B44]\]. These factors (surface quality and differences in the sprint distance) most likely also contribute to the higher prevalence of Achilles tendon injuries among MRs.

Our findings are in accordance with previous studies \[[@B25],[@B26]\] that noted a higher prevalence of lower back injuries among ARs than among MRs. Although not studied in detail in the questionnaire, which was based on previous studies relating lower-back pain to the advanced age of the subjects \[[@B45]\], we believe that the problem is age-related (i.e., ARs are older than MRs). This is supported by the fact that lower-back problems are more prevalent in ARs from the qualitative groups in which assistants are significantly older than their match peers (e.g., 1^st^ and 3^rd^ national leagues). Although not frequent, shoulder injuries are noted exclusively among ARs, and this is almost certainly related to the ARs' use of flags.

Study limitations
-----------------

There are several limitations of the study. First, the study is retrospective in nature. Consequently, the data should be assessed with regard to their possible low reliability. For example, the subjects may have forgotten some previous injuries and musculoskeletal disorders or the consequences of these injuries \[[@B36]\]. However, prior to the testing, we performed a pilot study in which the reliability of the questionnaire was shown to be appropriate (see Methods for more details). Moreover, the study included subjects from only one country, and therefore, the data are of questionable generalizability. However, the sample was relatively large and included more than 90% of all national level referees from the country. In addition, the response rate was high (more than 95%), which is one of the most important factors when studying health-related issues on a self-reported basis \[[@B46],[@B47]\]. Additionally, the investigation was based on self-reports, and the subjects might not have told the truth if they felt uncomfortable. However, we believe that the anonymity and design of the study (e.g., testing in large groups with no pressure on the examinees) decreased this possibility. The study was approved by the highest national soccer organization (Croatian Football Federation) and was therefore officially accepted. The testing was performed by the first author, who is a 1^st^ league MR and a UEFA additional assistant and is therefore an "insider". This fact almost certainly had a positive effect on the honesty of the examinees, as the examiner was familiar with the problems, and therefore, the subjects had no reason to be untruthful \[[@B35],[@B47]\]. Finally, and with regard to previous studies we must acknowledge that significant limitation should be observed in the fact that we studied only injuries, and did not report complaints, which almost certainly must be emphasized in forthcoming studies. Despite the study's limitations, we believe that the results (although not the final word on this topic) contribute to knowledge in the field.

Conclusion
==========

At the national refereeing levels, there is an increase in injuries concurrent with an increased competitive level. However, the low prevalence of injuries among UEFA level referees may be explained by their greater physical fitness and by officially prescribed and supervised UEFA training, overall professionalism, and regular medical assistance.

Although fitness testing is performed in a controlled environment, testing should be considered to be a risk factor for injuries. The differences between match injuries and fitness testing injuries may be due to the characteristics of activities during matches and fitness tests (e.g., maximal sprints are more common during testing).

The unevenness in the playing field together with frequent quick changes of direction are most likely the main contributors to ankle injuries among MRs. The ARs are older, which most likely influences the prevalence of lower back problems among ARs.

In the future, we suggest using a prospective design to provide a deeper insight into the health-related problems and consequences of soccer refereeing.
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